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Why comparative genomics?

• Helps in gene predictions
• Helps in understanding evolution
• Conserved between species non-coding

sequences are reliable guides to regulatory
elements

• Differences between evolutionary closely
related sequences help to discover gene
functions
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v  Biological importance of conserved non-coding elements
v  Discovering them in DNA sequence
v  Tools for sequence visualization and analysis

 ~   5% coding
~ 95% non-coding

Gene A

Protein A Protein A'
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Are most conserved
noncoding sequences

“functional” or are they
a product of passive

evolution?

90 Elements in 1 Megabase

Identification 

Verification

Analysis

Evolutionarily Conserved Non-Coding Sequences
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http://www-gsd.lbl.gov/vista

Well tested - ~2500 queries processed on-line

Modules of VISTA:

• Novel program for global alignment of
DNA fragments of any length

• Visualization of alignment and various
sequence features

• Evaluation and retrieval of all regions with
predefined levels of conservation in two or
more species
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Local alignment algorithms are designed to search for highly similar regions in two sequences
that may not be highly similar in their entirety.  The algorithm works by first finding very short
common segments between the input sequence and database sequences, and then expanding out
the matching regions as far as possible.
 
For cross-species comparison one needs to accurately align two complete sequences. It is
insufficient to find common similar regions in the two sequences, rather, what is needed is a
global map specifying how the two sequences fit together, much like understanding how the
pieces in a puzzle connect up with each other. This problem is called global alignment

Aligning large genomic regions
• Long sequences lead to memory problems

• Speed becomes an issue

• Long alignments are very sensitive to parameters

• Draft sequences present a nontrivial problem

• Accuracy is difficult to measure and to achieve

References for some existing programs:
Glass:
Domino Tiling, Gene Recognition, and Mice.
Pachter, L. Ph.D. Thesis, MIT  (1999)
Human and Mouse Gene Structure: Comparative Analysis and Application to Exon Prediction. Batzoglou, S., Pachter,
L., Mesirov, J., Berger, B., Lander, E. Genome Research (2000).
MUMmer
Delcher, A.L., Kasif S., Fleischmann, R.D., Peterson J., White, O. and Salzberg, S.L.
Alignment of whole genomes. Nucleic Acids Research (1999)
PipMaker
PipMaker: A Web Server for Aligning Two Genomic DNA Sequences.
Scott Schwartz, Zheng Zhang, Kelly A. Frazer, Arian Smit, Cathy Riemer, John Bouck, Richard Gibbs, Ross
Hardison, and Webb Miller. Genome Research (2000)
Scan2
Dbscan/Scan2: Fast alignment of mega-sequences.
Seledtsov I.A., Solovyev V.V. To Appear. Web site  http://softberry.com/
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AVID
Aligner for VISTA including Draft

• Fast global alignment of long sequences irrespective of
similarity (applications: comparison of assemblies, human –
chimp comparison, human – mouse comparison, megabase
alignments)

• Orientation and ordering of draft contigs by comparison to a
related finished sequence (applications: ordering and orientation
of draft contigs for better assembly, error detection in assembled
BACs)

Main features

Algorithm of AVID
(outline)

• ORDER and ORIENT

• FIND all the (maximal) matches

• ALIGN the maximal matches

• FIX matches with good local homology

• REFINE with shorter matches
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Ordering and Orientation

Finding Matches

•      Build suffix tree with back pointers using McCreight’s algorithm

•      Finding maximal matches in linear time by building a tree from k sequences

•      Sort the matches by length and local homology for the purpose of finding
anchors

•       Build matrix of overlaps by hashing and then using Fourier transforms

•     Merge and remove overlapping contigs

•     Find matches between super-contigs and the finished sequence

•     Use matching information to order and orient

Results and Features

•  Very fast alignment – times depend on sequence similarity and length, and

vary from seconds to minutes.

•  ~100Mb RAM / megabase of sequence

•  Detailed information about oriented and ordered contigs, and accurate

placement in the finished sequence

•  Full integration with repeat masking to avoid confusing matches

•  Robust performance on sequence pairs that range from human/chimpanzee

to human/fugu

•  VISTA ready output
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Visualization

 tggtaacattcaaattatg-----ttctcaaagtgagcatgaca-acttttttccatgg
 || | ||||  |  |  ||     || | | |    |||||| |  ||   |   | ||
 tgatgacatctatttgctgtttcctttttagaaactgcatgagagcctggctagtaggg
 

Window of  length L is centered at a particular nucleotide in
the base sequence

Percent of identical nucleotides in L positions of the
alignment is calculated and plotted

Move to the next nucleotide
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VISTA Plot of Human and Mouse ABCA1 Sequences
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SNPs and Trascription Factor Binding Sites

IL13IL4

Comparative Genomic Sequence
Analysis of Human/Mouse/Rabbit

ApoAI, CIII, AIV Cluster

ApoAIV ApoCIII ApoAI

Human/Rabbit

Human/Mouse

Apo AI Liver
Enhancer
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Finding conserved regions with percentage and
length cutoffs

Conserved segments with percent identity X and length Y are
defined to be regions in which every contiguous
subsegment of length Y was at least X% identical to its
paired sequence. These segments are merged to define the
conserved regions.

Output:
11054 - 11156 = 103bp at 77.670%        NONCODING

13241 - 13453 = 213bp at 87.793%        EXON

14698 - 14822 = 125bp at 84.800%        EXON

Main features of VISTA

• Clear , configurable output

• Ability to visualize several global alignments on
the same scale

• Alignments up to several megabases

• Effective handling of gaps in the alignment

• Available source code
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VISTA server output files

• All pair wise global alignments of the
sequences

• VISTA plot in pdf format

• The list of conserved regions at predefined
length and conservation cutoffs
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Additional modules of VISTA

• Analyzing cutoffs to define actively
conserved non-coding sequences

• Finding potential transcription factor
binding sites by two-species comparison

• Comparing two closely related species

Mouse/Dog

Human/Dog

Human/Mouse

Mouse/Dog

Human/Mouse

Human/Dog

Mouse/Dog

Human/Mouse

Human/Dog
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Active conservation of noncoding sequences –
present in more than two mammals

% Cutoff
sum of three pair wise

Intersection/Union
values is maximal

Over 120 basepairs:
H/D > 92%
H/M > 80%
D/M > 77%

4

1 2
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_Vista (complementary Vista)

Visualizes and analyzes alignments of genomic fragments of

closely related species like human/primates

cVista shows patterns of DNA, which differ, while Vista is aimed at
representing DNA patterns with a high conservation level

• represents location and magnitude of main sequence differences.

• compares 3 DNA sequences simultaneously.

• separates sequence differences into two parts:

1) when nucleotides are present in both sequences, but differ

     2) the difference due both to nucleotide difference and gaps
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cVISTA for two species

Three closely related species

 
)
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Prediction of transcription factor binding sites

• Simultaneous searches of the major transcription
factor binding site database (Transfac) and the use
of global sequence alignment to sieve through the
data.

• Combina t i on  o f  da t abase  s ea r ches  with
comparative sequence analysis reduces   the
number of predicted transcription factor binding
sites by several orders of magnitude.

~1 Meg region, 5q31

Coding Noncoding
 

Human interval Transfac predictions for GATA sites         839     20654
 

Aligned with the same predicted site in the mouse seq.       450     2618
 

Alligned sites conserved at 80% / 24 bp dynamic window  303    731
 

Random DNA sequence of the same length          29280 

BS core (4 bp)

24 bp
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Sequence motif recognition

+

multiple sequence alignment of syntenic regions,

a high throughput strategy for filtering and prioritizing
putative DNA binding sites

genomically informed starting place for globally investigating
the detailed regulation
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Reproduction of VISTA

• VISTA

• multiVISTA

• cVISTA

• regulatoryVISTA

• activeVISTA or conservationVISTA

• audioVISTA

   Information in Sequence
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http://pga.lbl.gov

http://pga.lbl.gov/cvcgd.html
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Example of CVCGD entry

Short annotation of the region
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Detailed annotation in AceDB format

VISTA plot of the region
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Alignment

Conserved regions
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Demonstrated the validity of
a comparative genomic
approach to study gene

regulation in a pilot 1 mb
study

 for the entire human genome

Whole genome approach
http:/pipeline.lbl.gov
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